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The World Health Organization (WHO) has reported that dementia will become an epidemic in the near future because of growing elderly population, especially in developing countries.\[[@ref1]\] This demands an early action to identify the persons at risk of dementia and prevent the disease from occurring or treat the affected persons accordingly. Cognitive impairment is the transitional phase between normal aging process and dementia. Hence, screening for cognitive impairment will help in recognizing the persons at risk of dementia and take corrective measures immediately. However, there is limited evidence available regarding the burden of impairment and determining risk factors, especially among low- and middle-income countries like India.\[[@ref2]\] Understanding the environmental and social factors responsible for cognitive impairment is important given the increasing elderly population keep on increasing globally.

One of the environmental factors which is less studied but found to have significant influence on cognitive function is exposure to air pollutants. Studies around the world have reported that the exposure to high amounts of air pollution can negatively impact the cognitive functioning of the adults.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] Several mechanisms have been proposed for the possible explanation on link between air pollution and cognitive dysfunction. Neurological mechanisms like inflammation of brain in response to particulate matter exposure and cardiovascular mechanisms are also proposed. However, clear mechanisms have not been established yet.\[[@ref9][@ref10][@ref11][@ref12]\] Previous studies on link between the cognitive decline and air pollution has reported that exposure to pollutants most commonly affects specific domains such as verbal learning, attention, logical and short-term memory, and executive functioning. However, severe effects were reported with long-term exposure to air pollutants.\[[@ref3][@ref6][@ref13]\]

However, most of the studies were focussed on outdoor air pollutants from traffic or industries such as sulfur-dioxide, nitrogen oxide, and carbon monoxide, particulate matter and its relationship with cognitive impairment. Less is known regarding the association between indoor air pollution and cognitive dysfunction. Almost all the studies on outdoor air pollution and cognitive dysfunction have reported a significant association.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] Hence, for the current study, we have hypothesized that there could be an association between indoor air pollution and cognitive dysfunction. The WHO has reported that indoor air pollution poses serious health risk for almost 3 billion people who cook and use biomass fuels and coals for household purpose.\[[@ref14]\] Globally, indoor air pollution contributed to about 4.3 million deaths almost all in low- and middle-income countries. In India, it is found to be the second leading cause of premature mortality.\[[@ref14]\]

According to the National Family Health Survey-IV, about 56.2% of households in India do not have access to clean fuel, contributing to indoor air pollution. Hence, more focus needs to be given on indoor air pollution and its association with cognitive impairment, especially among rural areas, who rely on biomass fuels in their households. Despite the higher burden of indoor air pollution in India, very little research has examined the influence of indoor air pollution on cognitive impairment in India. Hence, to assess this impact, the current study was done to find the association between indoor air pollution and cognitive impairment among the adults residing in the selected villages of rural Puducherry, South India.
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A community-based cross-sectional study was carried out in the Rural Health Center (RHC) of a tertiary care institute which caters to a population of around 10000 in the villages of Ramanathapuram, Thondamanatham, Pillaiyarkuppam, and Thuthipet. The study was conducted during the months of February and March 2018. Individuals belonging to age group of 30 years and above were included in the study as it is difficult to detect the impact of air pollution and cognitive dysfunction among younger adults.

The sample size was calculated by OpenEpi v 3.01 (v 3.01 updated on 2013, USA) using anticipated proportion of cognitive impairment 25% among adults living in households with indoor air pollution; confidence interval (CI) of 95%, and absolute precision of 5%, the sample size was calculated to be 289. However, we covered 295 individuals.

Primary sampling unit was households. Numbers of households needed from each of the four villages were calculated using proportionate sampling after which; systematic random sampling was employed to select the households from the villages. Individual belonging to the age group of 30 years and above were the study units. The study participants were chosen from eligible individuals available in the selected households during the house visit. KISH technique was applied to select one eligible individual from the households when there were multiple eligible persons in the household. Households which were locked even after three visits were excluded from the study.

Four training doctors posted in RHC were chosen as data collectors. They were sensitized regarding the objectives of the study, confidentiality of information, participant\'s right, and informed consent, and were also trained to administer the questionnaire to the individuals. Postgraduate students posted in the same RHC supervised the data collection procedure by reviewing all questionnaires at the end of each day to ensure completion of data collection forms as well as addressed any issue faced by the data collectors.

The purpose of the study and procedure involved in the study was explained to the individuals before administration of the questionnaire. Individuals were also assured regarding confidentiality of the information and data collection was started after obtaining informed consent. The interview consisted of three sections: the first section consisted of sociodemographic characteristics; the second section comprised household details such as type of house, type of fuel used for cooking, place of cooking, and type of fuel used for cooking. Use of fuel for cooking was seen by direct observation; the third section consisted of Mini-Mental State Examination (MMSE) to determine the mild cognitive impairment among study participants.

Definition of exposure to indoor air pollution depends on the type of fuel used in the household. Several evidences have shown that the use and toxic effects of kerosene and biomass fuels are the major factors responsible for indoor air pollution in the households, especially in rural areas.\[[@ref15][@ref16][@ref17]\] Hence, households using biomass or kerosene as fuel for cooking within house were defined as exposed group. Households using liquefied petroleum gas (LPG) as fuel for cooking were considered as nonexposed group.

The MMSE is a short, easily administered 11-item scale which screens for cognitive dysfunction. Internal consistency of the questionnaire was reported to be 0.82.\[[@ref18]\] MMSE had been standardized for our research by forward translation, expert panel back translation, pretesting and cognitive interviewing and concluded with the preparation of final version. Based on the scores obtained, they were classified into normal (score 25--30) and mild cognitive impairment (score \<25). Each test took around 5--10 min.

Data were entered into Epidata v 3.01 software (Manufactured by Epidata association on the year 1999 in Denmark) and analysis was done using SPSS version 19.0. Continuous variables were summarized as mean (standard deviation \[SD\]). Prevalence of cognitive impairment among exposed and nonexposed groups was summarized as proportion with 95% CI. Bivariate analysis (Chi-square test/Fisher\'s exact test) was used to find the association of cognitive impairment with indoor air pollution and other household and sociodemographic characteristics. Determinants of cognitive impairment (Independent effects) were identified using multivariable analysis (log-binomial regression), considering cognitive impairment as dependent variable and age category, occupation, and indoor pollution as explanatory variables. Unadjusted and Adjusted Prevalence Ratio (aPR) ratio with 95% CI was calculated. *P* \< 0.05 was considered statistically significant.
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A total of 295 individuals were approached for screening of cognitive impairment and presence of indoor air pollution. None of the individuals refused to participate in the study (response rate 100%). The mean (SD) age of study participants were 53.4 (15.4) years. [Table 1](#T1){ref-type="table"} depicts sociodemographic characteristics of the study participants. A total of 173 (58.6) were in 30--59 years; 154 (52.2%) were female; 235 (79.6%) were educated from class 1--10; 170 (57.6%) were unemployed; 155 (52.5%) were residing in pucca house, and 236 (80.0%) were using LPG for cooking purposes. Usage of firewood and kerosene for cooking within house was considered as presence of indoor pollution. The overall prevalence of individuals exposed to indoor air pollution was found to be 20%.
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Sociodemographic characteristics of the study participants residing in the selected villages of rural Puducherry, (*n*=295)
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The overall prevalence of cognitive impairment in the study population was 11.9% (95% CI: 8.7--16.1). Prevalence of cognitive impairment within the group who were suffering from indoor air pollution was 27.1% (95% CI: 17.4--39.6).

[Table 2](#T2){ref-type="table"} represents the factors associated with cognitive impairment among adults residing in a rural area of Puducherry, South India. Individuals of age more than or equal to 60 years (PR = 4.79, *P* \< 0.001) were found to have nearly five times more chance of having cognitive impairment when compared to individuals of 30--59 years. Males had greater cognitive impairment when compared to females (PR = 1.17, *P* = 0.64). Unemployed participants had more than two times (PR = 2.48, *P* = 0.002) higher risk of having cognitive impairment when compared to participants who are employed. Participants exposed to indoor air pollution (PR = 3.37, *P* \< 0.001) were found to have three times more chance of having cognitive impairment when compared to the nonexposed participants.
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Factors associated with cognitive impairment among adults residing in a rural area of Puducherry, South India (*n*=295)
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[Table 3](#T3){ref-type="table"} illustrates multivariable logistic regression analysis for factors associated with cognitive impairment among adults residing in the rural area of Puducherry. For the regression analysis, age category, occupation, and presence of indoor air pollution variables were considered for model. Even though the effect size was reduced in all the factors after adjusted analysis, a significant association was retained. Individuals of age ≥60 years (aPR = 1.38, *P* = 0.003) and unemployed (aPR = 1.34, *P* = 0.33) were found to have 1.3 times more chance of having cognitive impairment when compared to individuals of 30--59 years and individuals who were employed, respectively, even after adjusting for indoor air pollution. Even though effect of indoor air pollution has reduced after adding other variables in the model, still the individuals exposed to indoor air pollution (aPR = 2.18, *P* = 0.003) had more than two times higher risk of having cognitive impairment when compared to the nonexposed population.
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Multivariable logistic regression analysis for factors associated with cognitive impairment among adults residing in rural area of Puducherry (*n*=295)
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This was a community-based cross-sectional analytical study conducted among adults aged ≥30 years in rural areas of Puducherry to assess the association between indoor air pollution and cognitive function. Prevalence of cognitive impairment among the total study participants was 11.9%. About one-fifth (20%) of the study participants were exposed to indoor air pollution. Out of which, more than one-fourth (27.1%) were found to have cognitive impairment, while \<10% in nonexposed group had cognitive impairment. Age category, occupation, and indoor air pollution were found to be the predictors of cognitive impairment. Indoor air pollution was found to have positive association with cognitive impairment even after adjusting for other confounding variables such as age category and occupation.

Large-scale population study in India showed the prevalence of mild cognitive impairment to be around 4.6%.\[[@ref11]\] Studies around India among elderly population showed the prevalence of cognitive impairment ranging from 3.5% to 7.7%.\[[@ref19][@ref20]\] The current study reported the prevalence among the people exposed to indoor air pollution to be 27.1% which is clearly in excess of general population and elderly. On adjusted analysis, exposure to indoor pollution has more than twice the risk of developing cognitive impairment when compared to general population. Similar findings were found in a study done in Mexico which reported positive association between exposure to indoor air pollution and cognitive dysfunction.\[[@ref21]\] This implies that people exposed to indoor air pollution are at more risk of having cognitive dysfunction even when compared to other vulnerable population like elderly. Indoor air pollution is already proven to be significant risk factor for respiratory and cardiovascular diseases.\[[@ref22]\] However, lesser research has been done on its influence on cognitive function. Considering the burden of indoor air pollution in the rural areas and significant association found in the recent studies, more research is required to find out the possible mechanisms involved and focus on developing appropriate strategies to tackle it.

Other factors such as age category and occupation were also found to be independently associated with cognitive impairment. Similar findings were found in most of the studies conducted around the world as well as in India. Age category is an established determinant of decline in cognitive function over the years. However, influence of occupation on cognitive impairment and air pollution is not explored in detail in most of the studies. The current study found that the participants who were unemployed had more chance of developing cognitive impairment. A possible reason for this association can be people who are unemployed tend to spend more time in home which can increase their risk of having cognitive dysfunction when compared to employed peoples.

This is one of a kind study in India assessing the association of exposure to air pollution and cognitive dysfunction among adults in the rural population. The current study adds to the literature on negative impact of indoor air pollution on cognitive functioning. Another major strength of the study is the community-based nature which makes the generalizability better. Higher response rate (100%), direct observation for assessment of indoor air pollution and use of validated scale adds to the strength of the study.

However, the study has certain limitations. Our study involved indirect measures for assessing the indoor air quality to find the association with cognitive function. Hence, further studies need to be done using direct measures for assessment of air quality in the rural households to determine the association with impairment in cognition. Furthermore, we could not explore the possible mechanisms through which the indoor air pollutants can affect the cognitive function. Hence, further longitudinal research might help in studying the mechanism involved in exposure to indoor air pollution and development of cognitive dysfunction in greater detail.

Exposure to indoor air pollution can be significantly reduced by increasing the access to cleaner fuel sources like LPG. This can help in reducing the impact on cardiovascular diseases, chronic respiratory disease, and neurological conditions like dementia. The current study also showed the significant influence of indoor air pollution on cognitive function. However, reducing the exposure to indoor air pollutants will be challenging in rural population where biomass fuels are still the main source for cooking purposes.

Government of India has even introduced a scheme "Pradhan Mantri Ujjwala Yojana" in 2016 which aims to provide cash incentives for LPG gas connections to women belonging to below poverty line families. More awareness needs to be generated regarding the scheme to reduce the indoor air pollution significantly across the rural population. Further public health efforts such as expansion and improvement of the programs will help in improving the health status of people living in rural households. In addition, further research needs to be done in larger scale throughout the country to study the possible mechanisms for the influence of indoor air pollution on cognitive function, especially in rural areas, where biomass fuels usage is common.
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About 20% of the study participants were using biomass fuels for cooking purposes and were exposed to indoor air pollution. Among them, 27% were found to have cognitive impairment which is twice more than the general population who were not exposed to indoor air pollution. Hence, the prevention of exposure to indoor air pollution, especially among the rural population, needs to be done through increased accessibility and availability to cleaner fuels such as LPG for household usage. Further longitudinal research might help in understanding the mechanism through which indoor air pollution act on cognitive function.
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